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DESCRIPTION 

METHOD OF INSPECTING UNEVENNESS OF PARTITION SURFACE 
OF HONEYCOMB STRUCTURE AND INSPECTING DEVICE 

Technical Field 

[0001] The present invention relates to a method of inspecting unevenness of a partition 
wall surface of a honeycomb structure and an inspecting device. More specifically, the 
present invention relates to a method of inspecting unevenness of a partition wall surface 
of a honeycomb structure and an inspecting device capable of simply and 
nondestructively inspecting unevenness of a partition wall surface of a honeycomb 
structure, which serves as a yardstick of judging the quality of the honeycomb structure. 

Background Art 

15 [0002] A honeycomb structure is often used as a filter, a catalyst carrier, or the like for, 
for example, an exhaust gas purification apparatus for a thermal engine such as an 
internal combustion engine or a combustion device such as a boiler, a reforming device 
for a liquid fuel or a gaseous fuel, a purification treatment device for service water and 
sewage, or the like. In particular, a honeycomb structure is suitably used as a diesel 

20 particulate filter (DPF) for trapping and removing particulate matter contained in dust- 
containing fluid such as exhaust gas discharged from a diesel engine or a high- 
temperature gas dust-trapping apparatus. 

[0003] A honeycomb structure used for such a purpose traps and removes unnecessary 
particulate mater when fluid to be treated passes through fine pores in the porous partition 
25 walls or brings fluid to be treated into contact with a catalyst loaded on a porous partition 
wall surface or in the fine pores. 

[0004] There has conventionally been conducted an inspection of clogging in cells 
(through-holes) serving as passages of fluid to be treated as one of methods of quality 
control of a honeycomb structure. A lighting apparatus for this inspection is disclosed 



(e.g., see Patent Document 1). This lighting apparatus for inspection is provided with a 
lighting means which has ari irradiating angle, the first lens which collects light from the 
lighting means and converts the light into parallel light, and the second lens which 
collects the parallel light from the first lens after passing through the object to be 
5 inspected so that the light can be taken into an imaging means. 

Disclosure of the Invention 

[0005] However, the above lighting apparatus for inspection can inspect only clogging of 
cells (through-holes), which has been a problem, though it has been desired in recent 

10 years to inspect a degree of unevenness of a partition wall surface to load a catalyst 

uniformly and to realize a low cost and a low pressure loss by reducing the amount of the 
catalyst to be loaded when a honeycomb structure is used as a filter or a catalyst carrier. 
[0006] The present invention has been made in view of such circumstances and aims to 
provide a method of inspecting unevenness of a partition wall surface of a honeycomb 

15 structure and an inspecting device capable of simply and nondestructively inspecting 
unevenness of a partition wall surface of a honeycomb structure, which serves as a 
yardstick of judging the quality of the honeycomb structure. 

[0007] To solve the above problems, the present invention provides the following method 
of inspecting unevenness of a partition wall surface of a honeycomb structure and an 

20 inspecting device. 

[0008] [1] A method of inspecting, for each cell, unevenness of a partition wall 
surface of a cylindrical honeycomb structure having a plurality of cells functioning as 
passages for fluid and separated from each other by partition walls, 
the method comprising the steps of: 

25 allowing a diffusion light to enter from one end face side of a honeycomb 

structure by a predetermined lighting means and to exit from the other end face side of 
the honeycomb structure after passing it through the inside of the cells, 



3 

allowing the exited diffusion light to pass through a translucent screen 
disoosed on the other end face side cf the honeycomb structure Lu act as a transmitted 
light, 

projecting a transmitted image by means of the tone of the transmitted 
5 light onto the transmitted light side of the screen, 

picking up the transmitted image projected on the screen by an imaging 

means, and 

analyzing by an analyzing means the gray level of the obtained image to 
inspect for each cell the degree of the surface unevenness of the partition walls of the 
10 honeycomb structure (hereinbelow sometimes referred to as "first invention"). 

[0009] [2] A method of inspecting unevenness of a partition wall surface of a 
cylindrical honeycomb structure according to [1], wherein the screen is disposed so as to 
be in contact with the other end face side of the honeycomb structure. 
[0010] [3] A method of inspecting, for each cell, unevenness of a partition wall 
15 surface of a cylindrical honeycomb structure having a plurality of cells functioning as 
passages for fluid and separated from each other by partition walls, 
the method comprising the steps of: 

allowing a diffusion light to enter from one end face side of a honeycomb 
structure by a predetermined lighting means and to exit from the other end face side of 
20 the honeycomb structure after passing it through the inside of the cells, 

allowing the exited diffusion light to be picked up by an imaging means 
for each image from the direction perpendicular to the other end face of the honeycomb 
structure, and 

analyzing by an analyzing means the gray level of the obtained image to 
25 inspect for each cell the degree of the surface unevenness of the partition walls of the 
honeycomb structure (hereinbelow sometimes referred to as "second invention"). 
[0011] [4] A method of inspecting unevenness of a partition wall surface of a 
cylindrical honeycomb structure according to any one of [1] to [3], wherein the gray level 
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of the image is analyzed by being subjected to a binary treatment with the analyzing 
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[0012] [5] A method of inspecting unevenness of a partition wall surface of a 
cylindrical honeycomb structure according to any one of [1] to [4], wherein a shadow 
5 generated by the partition walls in the image is removed before the gray level of the 
image is analyzed by the analyzing means. 

[0013] [6] A method of inspecting unevenness of a partition wall surface of a 
cylindrical honeycomb structure according to any one of [1] to [5], wherein the diffusion 
light from the lighting means has an illuminance of 3000 Lux or more. 
10 [0014] [7] A method of inspecting unevenness of a partition wall surface of a 

cylindrical honeycomb structure according to any one of [1] to [6], wherein the screen 
has a light transmittance of 35 to 90%. 

[0015] [8] An inspecting device for inspecting, for each cell, unevenness of a 
partition wall surface of a cylindrical honeycomb structure having a plurality of cells 

15 functioning as passages for fluid and separated from each other by partition walls, the 
inspecting device comprising: 

a lighting means disposed on one end face side of the honeycomb structure 
and allowing a diffusion light to enter from one end face side of a honeycomb structure 
and to exit from the other end face side of the honeycomb structure after passing it 

20 through the inside of the cells, 

a translucent screen disposed on the other end face side of the honeycomb 
structure, allowing the exited diffusion light to pass therethrough to obtain a transmitted 
light, and capable of projecting a transmitted image by means of the tone of the 
transmitted light onto the transmitted light side of the screen, 

25 an imaging means for picking up the transmitted image projected on the 

screen, and 

an analyzing means for analyzing the gray level of the image picked up by 
the imaging means to inspect for each cell the level of the surface unevenness of the 
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partition walls of the honeycomb structure(hereinbelow sometimes referred to as "third 

[0016] [9] An inspecting device for inspecting unevenness of a partition wall surface 
of a cylindrical honeycomb structure according to [8], wherein the screen is disposed so 
5 as to be in contact with the other end face side of the honeycomb structure. 

[0017] [10] An inspecting device for inspecting, for each cell, unevenness of a 
partition wall surface of a cylindrical honeycomb structure having a plurality of cells 
functioning as passages for fluid and separated from each other by partition walls, the 
inspecting device comprising: 

10 a lighting means disposed on one end face side of the honeycomb structure 

and allowing a diffusion light to enter from one end face side of a honeycomb structure 
and to exit from the other end face side of the honeycomb structure after passing it 
through the inside of the cells, 

an imaging means disposed on the other end face side of the honeycomb 

15 structure and allowing the exited diffusion light to be picked up for each cell from the 
direction perpendicular to the other end face of the honeycomb structure, and 

an analyzing means for analyzing the gray level of the image picked up by 
the imaging means to inspect for each cell the level of the surface unevenness of the 
partition walls of the honeycomb structure from a result of analysis by the analyzing 

20 means (hereinbelow sometimes referred to as "fourth invention"). 

[0018] [11] An inspecting device for inspecting unevenness of a partition wall surface 
of a cylindrical honeycomb structure according to any one of [8] to [10], wherein the gray 
level of the image is analyzed by being subjected to a binary treatment with the analyzing 
means. 

25 [0019] [12] An inspecting device for inspecting unevenness of a partition wall surface 
of a cylindrical honeycomb structure according to any one of [8] to [11], wherein a 
shadow generated by the partition walls in the image is removed before the gray level of 
the image is analyzed by the analyzing means. 



[0020] [13] An inspecting device for inspecting unevenness of a partition wall surface 
of a cylindrical honeycomb structure according iu any one of [8j to [12 j, wherein the 
diffusion light from the lighting means has an illuminance of 3000 Lux or more. 
[0021] [14] An inspecting device for inspecting unevenness of a partition wall surface 
5 of a cylindrical honeycomb structure according to any one of [8] to [13], wherein the 
screen has a light transmittance of 35 to 90%. 

[0022] According to the present invention, there can be provided a method of inspecting 
unevenness of a partition wall surface of a honeycomb structure and an inspecting device 
capable of simply inspecting unevenness of a partition wall surface of a honeycomb 
10 structure, which serves as a yardstick of judging the quality of the honeycomb structure. 

Brief Description of the Drawings 
[0023] 

[Fig. 1] Fig. 1 is a plan view schematically showing an embodiment of an 

15 inspecting device for inspecting unevenness of a partition wall surface of a honeycomb 
structure of the present invention (third invention). 

[Fig. 2] Fig. 2 is a perspective view showing a honeycomb structure to be 

inspected of an embodiment of a method for inspecting unevenness of a partition wall 
surface of a honeycomb structure of the present invention (first invention). 
20 [Fig. 3] Fig. 3 is an explanatory view showing an image picked up by an 

imaging means in an embodiment of a method for inspecting unevenness of a partition 
wall surface of a honeycomb structure of the present invention (first invention). 

[Fig. 4] Fig. 4 is an explanatory view showing an image from which a 

shadow generated by the partition walls is removed in an embodiment of a method for 
25 inspecting unevenness of a partition wall surface of a honeycomb structure of the present 
invention (first invention). 

[Fig. 5] Fig. 5 is an explanatory view showing an image subjected to 

compensation of brightness in an embodiment of a method for inspecting unevenness of a 
partition wall surface of a honeycomb structure of the present invention (first invention). 



[Fig. 6] Fig. 6 is a plan view schematically showing an embodiment of a method 

fur inspecting unevenness of a partition wall surface of a honeycomb structure of the 
present invention (fourth invention). 

[Fig. 7(a)] Fig. 7(a) is an explanatory view showing an image obtained by an imaging 
5 means when a honeycomb structure was inspected by using a device for inspecting 
unevenness of a partition wall surface of a honeycomb structure in an Example of the 
present invention. 

[Fig. 7(b)] Fig. 7(b) is an explanatory view showing an image obtained by an imaging 
means when a honeycomb structure was inspected by using a device for inspecting 
10 unevenness of a partition wall surface of a honeycomb structure in an Example of the 
present invention. 

[Fig. 7(c)] Fig. 7(c) is an explanatory view showing an image obtained by an imaging 
means when a honeycomb structure was inspected by using a device for inspecting 
unevenness of a partition wall surface of a honeycomb structure in an Example of the 
15 present invention. 

[Fig. 8(a)] Fig. 8(a) is an explanatory view showing the results of a binary treatment 
of an image shown in Fig. 7(a). 

[Fig. 8(b)] Fig. 8(b) is an explanatory view showing the results of a binary treatment 
of an image shown in Fig. 7(a). 
20 [Fig. 8(c)] Fig. 8(c) is an explanatory view showing the results of a binary treatment 
of an image shown in Fig. 7(a). 

Reference Numerals 

[0024] 1. device for inspecting unevenness of a partition wall surface of a honeycomb 
25 structure (unevenness inspection method), 2. honeycomb structure, 3. lighting means, 3a. 
frosted glass, 4. screen, 5. imaging means, 6. analyzing means, 7. base, 8. one end face, 9. 
the other end face, 11. partition wall, 12. cell, 13. transmitted image, 14. image, 15. 
shadow, 21. device for inspecting unevenness of a partition wall surface of a honeycomb 
structure, 23. lighting means, 23b. frosted glass, 25. imaging means, 26. analyzing means 
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Best Mode for Carrying out the Invention 

[0025] A mode for carrying out a method of inspecting unevenness of a partition wall 
surface of a honeycomb structure and an inspecting device of the present invention (first 
to fourth inventions) will hereinbelow be described with referring to drawings. 
[0026] First, an embodiment of a method of inspecting unevenness of a partition wall 
surface of a honeycomb structure of the first invention will concretely be described with 
referring to drawings, and in the description, an embodiment of a device for inspecting 
unevenness of a partition wall surface of a honeycomb structure of the third invention 
will be described at the same time. Fig. 1 is a plan view schematically showing an 
embodiment of a device for inspecting unevenness of a partition wall surface of a 
honeycomb structure of the third invention. Fig. 2 is a perspective view showing a 
honeycomb structure to be inspected by a method of inspecting unevenness of a partition 
wall surface of a honeycomb structure of the present embodiment. 
[0027] A method of inspecting unevenness of a partition wall surface of a honeycomb 
structure of the present embodiment can be realized by using, for example, the device for 
inspecting unevenness of a partition wall surface of a honeycomb structure shown in Fig. 
1. Specifically, a method of inspecting unevenness of a partition wall surface of a 
honeycomb structure of the present embodiment is a method of inspecting, for each cell 
12, unevenness of a surface of the partition walls 11 of a honeycomb structure in which 
unevenness of a surface of partition walls 11 of a cylindrical honeycomb structure 2 
having a plurality of cells 12 functioning as passages for fluid by the partition walls 11 
and separated from each other by partition walls 11. As shown in Figs. 1 and 2, a method 
of inspecting unevenness of a partition wall surface of a honeycomb structure includes 
the steps of: allowing a diffusion light to enter from one end face 8 side by a 
predetermined lighting means 3 and to exit from the other end face 8 side of the 
honeycomb structure 2 after passing it through the inside of the cells 12, allowing the 
exited diffusion light to pass through a translucent screen 4 disposed on the other end 
face 9 side of the honeycomb structure 2 to act as a transmitted light, projecting a 
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transmitted image 13 by means of the tone of the transmitted light onto the transmitted 
light side cf the screen 4, picking up the transmitted image 13 projected on the screen 4 
by an imaging means 5, and analyzing by an analyzing means 6 the gray level of the 
obtained image to inspect for each cell the level of the surface unevenness of the partition 
5 walls 11. 

[0028] In addition a device 1 for inspecting unevenness of a partition wall surface of a 
honeycomb structure of the present embodiment is a device 1 for inspecting unevenness 
of a partition wall surface of a honeycomb structure inspecting, for each cell, a level of a 
partition wall surface of a cylindrical honeycomb structure 2 having a plurality of cells 12 

10 functioning as passages for fluid and separated from each other by partition walls 11, the 
inspecting device having: 

a lighting means 3 allowing a diffusion light to enter from one end face 8 
side of a honeycomb structure and to exit from the other end face 9 side of the 
honeycomb structure 2 after passing it through the inside of the cells 12, 

15 a translucent screen 4 allowing the diffusion light exited from the other 

end 9 face to pass therethrough to obtain a transmitted light, and capable of projecting a 
transmitted image 13 by means of the tone of the transmitted light onto the transmitted 
light side of the screen 4, 

an imaging means 5 for picking up the transmitted image 13 projected on 

20 the screen 4, and 

an analyzing means 6 for analyzing the gray level of the image picked up 
by the imaging means 5 to inspect for each cell 12 the level of the surface unevenness of 
the partition walls 11 of the honeycomb structure. According to a thus constituted device 
for inspecting unevenness of a partition wall surface of a honeycomb structure, inspection 

25 of unevenness of a partition wall surface of a honeycomb structure 2, which serves as a 
yardstick of judging the quality of the honeycomb structure 2 can be conducted simply 
and nondestructively. 



[0029] A method of inspecting unevenness of a partition wall surface of a honeycomb 
structure cf the present embodiment (iiereinbeiow sometimes referred to simply as 
"unevenness inspection method) will hereinbelow be described more specifically. 
[0030] First, in an unevenness inspection method of the present embodiment, a 
5 honeycomb structure 2 to be inspected is disposed on a device 1 for inspecting 

unevenness of a partition wall surface of a honeycomb structure (hereinbelow sometimes 
referred to simply as "unevenness inspection device 1"). The unevenness inspection 
device 1 shown in Fig. 1 has seven bases 7 to which a honeycomb structure 2 is attached. 
Each of the bases 7 has a screen 4 on which transmitted light is projected. In the 

10 unevenness inspection device 1, a lighting means 3 is disposed over the bases 7, and an 
imaging means 5 is disposed under the screen 4 of the base 7. Therefore, a honeycomb 
structure 2 to be inspected is disposed on the screen 4 of the base 7 in a state that the 
other end face 9 side faces downward (is brought into contact with the screen 4). 
Incidentally, in the case that the positional relation of the lighting means 3 and the 

15 imaging means 5 is different from that of Fig. 1, the honeycomb structure 2 may be 
arranged in such a manner that a diffusion light from a lighting means 3 is allowed to 
enter from one end face 8 side of a honeycomb structure by a predetermined lighting 
means and to exit from the other end 9 face side. 

[0031] The lighting means 3 used in an unevenness inspection device 1 of the present 
20 invention is not particularly limited as long as it can suitably irradiate a diffusion light, 
and there may suitably used a lighting means 3 constituted by, for example, a 
conventionally known illuminator 3a such as an incandescent electric lamp, a halogen 
lamp, a fluorescent lamp, a LED, a metal halide lamp, and a xenon lamp and a frosted 
glass 3b which allows a light from the illuminator to pass therethrough to give a diffusion 
25 light. Specifically, a plane illuminator having a plurality of fluorescent lamps or LEDs 
arranged on the surface thereof or a plane illuminator in which a light irradiated from a 
predetermined light source is introduced inside an optical fiber to make the light diffused 
at the tip thereof can be employed as a suitable example. 



[0032] Though, in an unevenness inspection device 1 of the present invention, 
illuminance of the diffusion light from the lighting means 3 is not particularly limited, it 
is preferably 3000 Lux or more, more preferably 20000 to 30000 Lux, and particularly 
preferably 26000 to 28000 Lux so that tone difference of the diffusion light passed 
5 through the cells is clearly recognized. 

[0033] In addition, less nonuniformity of brightness of a plane illuminator of a lighting 
means 3 is better. However, in the present embodiment, the ratio of the minimum 
luminosity to the maximum luminosity in an emission plane of the lighting means 3 is 
preferably 60% or more, and more preferably 80% or more. This constitution makes 

10 correction of an image unnecessary or easy even if correction is performed. 

[0034] In addition, an unevenness inspection method of the present embodiment is 
preferably constituted in such a maimer that a diffusion light irradiated from the lighting 
means 3 uniformly enters to the whole surface of one end face 8 of the honeycomb 
structure 2 to be inspected. 

15 [0035] The diffusion light irradiated from the lighting means 3 enters from one end face 
8 side of a honeycomb structure 2 and to exit from the other end face 9 side of the 
honeycomb structure 2 after passing it through the inside of the cells 12. At this time, in 
the case that a surface of partition walls 11 separating and forming the cells 12 is 
relatively flat, the diffusion light which entered from one end face 8 side proceeds 

20 towards the other end face 9 side with being reflected by the partition walls 11 inside the 
cells 12. Therefore, most of the diffusion light which enters from one end face 8 side of a 
honeycomb structure 2 exits from the other end face 9 side. 

[0036] On the other hand, in the case that unevenness is present on a surface of the 
partition walls 11, for example, a diffusion light which enters from one end face 8 side of 
25 a honeycomb structure 2 has an increased number of reflections due to the unevenness on 
a surface of the partition walls 11 and lose energy for every time of reflection, thereby 
lowering the brightness of the diffusion light which exits from the other end face 9 side. 
There is a constitution that a surface of the partition walls 11 separating and forming cells 
12 is perpendicular to the traveling direction of the diffusion light. In such a case, the 



diffusion light which enters from one end face 8 side may be reflected to the opposite 
side of the traveling uiiccliun upon reflection by the partition walls 11 to lower the 
brightness of the diffusion light which exits from the other end face 9 side of the 
honeycomb structure. By the above reason, the brightness of the diffusion light which 
5 exits from the other end face 9 side differs between the case of a uneven surface on the 
partition walls 11 and the case of a even surface on the partition walls 11, that is, the 
case of a relatively flat surface on the partition walls 11. 

[0037] Incidentally, in the unevenness inspection device 1 shown in Fig. 1, a diffusion 
light is used as a light irradiated from the lighting means 3. For example, in the case that 

10 not a diffusion light but a parallel light is used as a light irradiated from the lighting 
means 3, most of the light which enters from one end face 8 side of the honeycomb 
structure 2 straightly exits from the other end face9 side without being reflected by the 
unevenness of a surface of the partition walls 11 (see Fig. 2) and therefore difference in 
brightness to be generated due to reflection by the unevenness of the surface of the 

15 partition walls 11 (see Fig. 2) cannot be recognized. In addition, since a diffusion light is 
thus used, even in the case that a honeycomb structure 2 to be inspected is set up with a 
little leaning with respect to a direction of the light irradiated from the lighting means 3, 
the diffusion light can be passed inside the cells 12 (see Fig. 2), and the diffusion light 
having a sufficient brightness for inspection can exit from the other end 9 face. For 

20 example, when a parallel light is used in case that a honeycomb structure is set up on a 

base 7 in the state that it is slightly leaning, the amount of light which exits from the other 
end face 9 side of the honeycomb structure 2 abruptly reduces since the direction of 
traveling direction of the light irradiated from the lighting means 3 is not parallel to the 
direction of the central axis of the cells 12 (see Fig. 2), and thereby precise inspection 

25 cannot be conducted. 

[0038] Next, the diffusion light allowed to exit from the other end face 9 side of the 
honeycomb structure 2 is allowed to pass through a translucent screen 4 to act as a 
transmitted light, and a transmitted image is projected by means of the tone of the 
transmitted light on a surface on the transmitted light side of the screen 4. If an imaging 



means 5 is disposed in a state that a central portion on the other end face 9 side of the 
honeycomb structure 2 can perpendicularly be picked up and the image on the other end 
face 9 side of the honeycomb structure 2 is directly picked up without using the screen 4, 
the whole amount of the light allowed to exit from a peripheral portion of the other end 
5 face 9 of the honeycomb structure 2 cannot be picked up due to the angle of view of the 
imaging means 5, and thereby the problem arises that the light allowed to exit from the 
peripheral portion of the other end face 9 is picked up darkly. In the unevenness 
inspection device 1 shown in Fig. 1, the above problem arising due to the angle of view is 
solved by two-dimensionally indicating the other end face 9 side of the honeycomb 
10 structure 2 by using the screen 4. In addition, difference in tone of the diffusion light 
passed through each of the cells 12 can be indicated as the gray level of the transmitted 
image, which makes visual recognition easy. 

[0039] Incidentally, in an unevenness inspecting method of the present invention, the 
screen 4 is preferably disposed in a state that it is in contact with the other end face 9 side 
15 of the honeycomb structure 2 as shown in Fig. 1. This constitution can project the 
transmitted image 13 more clearly and improve resolution. 

[0040] The screen 4 used in an unevenness inspection method of the present embodiment 
has a light transmittance of preferably 35 to 90%, and more preferably 40 to 80%. For 
such a screen 4, for example, translucent frosted glass, or tracing paper may suitably be 
20 used. 

[0041] Next, the transmitted image 13 projected on the screen 4 is picked up by an 
imaging means 5. As the imaging means 5, a camera, a video camera, a CCD camera, or 
a CMOS camera can suitably be used. As shown in Fig. 3, in the image 14 obtained by 
the imaging means 3 (see Fig. 1), the gray level of the transmitted image 13 projected on 
25 a screen 4 (see Fig. 1) is picked up. Here, Fig. 3 is an explanatory view showing an 

image taken by the imaging means in a method of inspecting unevenness of a partition 
wall surface of a honeycomb structure of the present embodiment. When a surface of the 
partition walls 11 is relatively flat in a honeycomb structure 2 shown as in Fig. 2, a 
diffusion light after passing the cells 12 does not lose brightness relatively in an image 14 



shown in Fig. 3, and the transmitted image 13 passed through the screen 4 (see Fig. 1) is 
projected lightly (brightly). When ihefe is much unevenness on a surface of the partition 
walls 11 of the honeycomb structure 2, the diffusion light allowed to exit from the other 
end face 9 side becomes darker when it is reflected by the partition walls 11, and the 
5 transmitted image 13 (see Fig. 3) passed through the screen 4 (see Fig. 1) is projected 
deeply (darkly) by the shadow. 

[0042] From the above, a level of a surface of the partition walls though which the 
diffusion light passed can be known by analyzing the gray level of the transmitted image 
13 of the image 14 as shown in Fig. 3 conversely. To be more concrete, a portion where 

10 the transmitted image 13 is projected faintly in the image 14 obtained means that a 

surface of the partition walls 11 (see Fig. 2) corresponding to the portion is relatively flat. 
A portion where the transmitted image 13 is projected deeply means that a surface of the 
partition walls 11 (see Fig. 2) corresponding to the portion is relatively uneven. When a 
specific standard for judgment is set, a surface of the partition walls 11 (see Fig. 2) is 

15 judged to have unevenness in the case that the brightness is lower than a predetermined 
value in the portion where the transmitted image 13 is projected, and it is preferable to 
calculate a ratio of the area of the portion where the transmitted image 13 was projected 
deeply (a portion judged to have unevenness) with respect to the whole area of the 
transmitted image 13 in the image 14 which was picked up. This constitution enables 

20 quality of the targeted honeycomb structure to be inspected easily. 

[0043] As a more specific method of analysis, there is a suitable method of analysis by 
subjecting the gray level of the image 14 to a binary treatment. By subjecting the gray 
level of the image 14 to a binary treatment, inspection having high accuracy and secure 
reproducibility can be conducted. 

25 [0044] In the image 14 obtained by the imaging means 5 (see Fig. 5), a shadow 15 
generated by the partition walls 11 (see Fig. 2) is projected in a lattice pattern. The 
shadow 15 sometimes affects the results of the analysis, and sometimes, accurate 
inspection results cannot be obtained. Therefore, in the analysis of unevenness of the 
present embodiment, it is preferable to remove the shadow 15 generated by the partition 



walls 11 (see Fig. 2) in the image 14 before the gray level of the image 14 is analyzed. 
Specifically, there is a method in which the obtained image 14 is measured for brightness 
for each portion corresponding to each cell 12 (see Fig. 2), the shadow 15 due to the 
partition walls 11 (see Fig. 2) projected in a lattice pattern is regarded as a high frequency 
5 component, which is removed with a low path filter. By this operation, the unnecessary 
shadow 15 (see Fig. 3) is removed as shown in Fig. 4, the image 14 where only the 
necessary transmitted image 13 is projected can be obtained, and precision of the analysis 
can further be improved. 

[0045] In the case that the transmitted image 13 has uneven brightness in the obtained 
10 image 14 as shown in Fig. 4, the obtained image 14 is preferably corrected to obtained 
the image 14 constituted by the gray level of the transmitted image 13 corresponding to 
each cell 12 (see Fig. 2). As a specific method, there is a suitable method in which, in the 
first place, light irradiated from the lighting means 3 is projected on the screen 4 in the 
state that the honeycomb structure 2 is not set up to pick up an image (not shown) which 
15 serves as a background of the light irradiated from the lighting means 3 in the unevenness 
inspection device 1 shown in Fig. 1, the aforementioned measurement is then conducted 
with the honeycomb structure 2 being set up on the unevenness inspection device 2 to 
obtain the image 14 as shown in Fig .4, and brightness of the obtained image 14 is 
measured by each portion, the brightness of the previously obtained image (not shown) 
20 serving as a background is divided into each of the portions with respect to the obtained 
image 14 to correct brightness of the whole image 14. 

[0046] Incidentally, regarding the judgment of the quality of the targeted honeycomb 
structure 2 (see Fig. 1), it is preferable that the gray level of the image 14 as shown in any 
of Figs. 3 to 5 is analyzed by a binary treatment to judge by the ratio of the area of the 
25 portion where the transmitted image 13 is projected deeply to the whole area of the 

transmitted image 13 in the image 14. When the ratio is low, the ratio of flatness on the 
surface of the partition walls 11 shown in Fig .2 is high, which means that the honeycomb 
structure 2 has high quality. When the ratio is high, the ratio of unevenness on the 
surface of the partition walls 11 is high, which means that the honeycomb structure 2 has 



low quality. As another method of judging the quality, there is a judgment method in 
which a distribution is checked, or Hie like. There are, for example, a method of judging 
quality of a honeycomb structure in which the predetermined number or more of cells 
assemble as inferior quality, a method of judging quality of a honeycomb structure in 
5 which a portion of a deep shadow is present in a portion of a several mm from the 
outermost periphery as an inferior quality, and a method of judging quality of a 
honeycomb structure assembling in the central portion as inferior quality. 
[0047] As the analyzing means 6 (see Fig. 1) used for an unevenness inspection method 
of the present embodiment, there can suitably be used a computer which executes a 

10 program necessary for a predetermined analysis and can analyze the image picked up by 
the imaging means 5 by conducting, for example, a binary treatment. 
[0048] As a standard for the inspection of the honeycomb structure in an unevenness 
inspection method of the present embodiment, the lower the ratio of the area of a darkly 
projected portion of the transmitted image 13 is, the less the unevenness of a surface of 

15 the partition walls is, and the higher the quality is. Incidentally, it is preferable that a 
specific value of the above ratio is suitably selected depending on a use or the like of a 
targeted honeycomb structure. By such a constitution, unevenness of a partition wall 
surface of a cylindrical honeycomb structure in which a plurality of cells serving as 
passages for fluid are separated from each other and formed can be inspected simply and 

20 nondestructively for each cell. 

[0049] In an unevenness inspecting method of the present embodiment, the inspection 
can be conducted even in the case that a catalyst is loaded on the surface and the inside of 
the partition walls of a targeted honeycomb structure though it is not illustrated. In the 
case that a catalyst is thus loaded on the surface and the inside of the partition walls, the 

25 condition of unevenness of the partition wall surface changes depending of the condition 
of the catalyst loaded on the partition walls. Therefore, when a honeycomb structure 
having a catalyst loaded thereon is inspected, it is not just the investigation of unevenness 
of the partition wall surface, but the investigation of unevenness of the catalyst loaded on 
the partition wall surface. By using this method, loading conditions of a catalyst, that is, 



if the catalyst is uniformly loaded can be inspected, for example, when the honeycomb 

structure is used for a catalyst carrier. 

[0050] Next, an embodiment of a method of inspecting unevenness of a partition wall 
surface of a honeycomb structure of the second invention will specifically be described 
5 with referring to Fig. 6, and during the description, an embodiment of a device for 

inspecting unevenness of a partition wall surface of a honeycomb structure of the fourth 
invention will be described together. Fig. 6 is a plan view schematically showing an 
embodiment of a device for inspecting unevenness of a partition wall surface of a 
honeycomb structure of the fourth invention. 

10 [0051] A method for inspecting unevenness of a partition wall surface of a honeycomb 
structure of the present invention can be realized by using a device 21 for inspecting 
unevenness of a partition wall surface of a honeycomb structure shown in Fig. 6. 
Specifically, it is a method for inspecting unevenness of a partition wall surface of a 
honeycomb structure, in which a level of a surface of the partition walls 1 1 of a 

15 cylindrical honeycomb structure 2 in which a plurality of cells 12 serving as passages of 
fluid is separated from each other and formed as shown in Fig. 2 is inspected for each cell 
12. As shown in Figs. 2 and 6, diffusion light is allowed to enter from one end face side 
8 of a honeycomb structure 2 by a predetermined lighting means 23 and to exit from the 
other end face 9 side of the honeycomb structure 2 after passing it through the inside of 

20 the cells 12, the exited diffusion light is allowed to be picked up by an imaging means 25 
for each cell 12 from the direction perpendicular to the other end face 9 of the 
honeycomb structure 2, and the gray level of the obtained image is analyzed by an 
analyzing means 26 to inspect for each cell 12 the level of the surface unevenness of the 
partition walls of the honeycomb structure. 

25 [0052] In addition, as shown in Figs. 2 to 6, a device 21 for inspecting unevenness of a 
partition wall surface of a honeycomb structure of the present embodiment is provided 
with a lighting means 23 disposed on one end face 8 side of the honeycomb structure 2 
and allowing a diffusion light to enter from one end face 8 side of a honeycomb structure 
2 and to exit from the other end face 9 side of the honeycomb structure 2 after passing it 



through the inside of the cells 12, an imaging means 25 disposed on the other end face 9 
side cf the honeycomb structure 2 aim allowing the exited diffusion light to be picked up 
for each cell 12 from the direction perpendicular to the other end face 9 of the 
honeycomb structure 2, and an analyzing means 26 for analyzing the gray level of the 
5 image picked up by the imaging means 25 to inspect for each cell 12 the level of the 

surface unevenness of the partition walls 11 of the honeycomb structure from a result of 
analysis by the analyzing means 26. According to a device 21 having such constitution 
for inspecting unevenness of a partition wall surface of a honeycomb structure, 
unevenness of a partition wall surface of a honeycomb structure, which serves as a 
10 yardstick of judging the quality of the honeycomb structure, can be inspected simply and 
nondestructively. 

[0053] A method for inspecting unevenness of a partition wall surface of a honeycomb 
structure of the present embodiment (hereinbelow sometimes referred to as simply 
"unevenness inspection method") is constituted in the same manner as one embodiment 

15 of the first invention except that a diffusion light allowed to exit from the other end face 9 
side of the honeycomb structure 2 is picked up by the imaging means 25 for each cell 
from a direction perpendicular to the other end face 9 of the honeycomb structure 2 in 
addition to a series of processes of allowing the diffusion light exited from the other end 
face 9 (see Fig. 1) side of the honeycomb structure 2 (see Fig. 1) to pass through a 

20 translucent screen 4 (see Fig. 1) disposed on the other end face 9 (see Fig. 1) side of the 
honeycomb structure 2 (see Fig. 1) to act as a transmitted light, projecting a transmitted 
image 13 (see Fig. 1) by means of the tone of the transmitted light onto the transmitted 
light side surface of the screen 4 (see Fig. 1), and picking up the transmitted image 13 
(see Fig. 1) projected on the screen 4 (see Fig. 1) by an imaging means 5 (see Fig. 1) in 

25 one embodiment (a method of inspecting unevenness of a partition wall surface of a 
honeycomb structure) of the first invention. 

[0054] Similarly, a device 21 for inspecting unevenness of a partition wall surface of a 
honeycomb structure of the present embodiment is constituted in the same manner as the 
unevenness inspecting device 1 shown in Fig. 1 except that the device 21 is provided with 



the imaging means 25 which picks up the diffusion light allowed to exit from the other 
end face 9 side for each cell 12 from a direction perpendicular to the other end face 9 of 
the honeycomb structure 2 instead of screen 4 and the imaging means 5 in the unevenness 
inspection device 1 shown in Fig. 1. 
5 [0055] As the imaging means 25 used in the unevenness inspection method of the present 
embodiment, there may suitably be used, for example, an audio-visual system using 
telecentric lens or a contact type sensor. Even in the image-picking up system where the 
angle of view is generated, it can suitably be used by selectively using a portion having 
less influence of the angle of view in the image picked up. By using such a contact type 

10 sensor, a diffusion light allowed to exit from the other end face 9 side of the honeycomb 
structure 2 is picked up in order for each cell 12 from the direction perpendicular to the 
other end face 9 of the honeycomb structure 2 to obtain partial images, which are then 
combined to obtain the whole one image. By using the imaging means 25, influence of 
the angle of view of the imaging means 5 is eliminated even without using the screen 4 

15 (see Fig. 1), and thereby inspection of unevenness of a partition wall surface of a 

honeycomb structure can be conducted more effectively. Incidentally, in the unevenness 
inspection device 21 shown in Fig. 6, the imaging means 25 is constituted so that it is 
movable in XY direction. However, the device may have a constitution in which the 
imaging means 25 is fixed and the honeycomb structure is movable. 

20 [0056] The image obtained in such a manner is analyzed by the analyzing means 26. It is 
preferable that the analysis is conducted in the same manner as in an embodiment of the 
first invention. As the lighting means 23 and the analyzing means 26 constituting the 
unevenness inspection device 21 shown in Fig. 6, there may suitably be used the ones 
constituted in the same manner as the lighting means 3 and the analyzing means 6 shown 

25 in Fig. 1. 



Example 

[0057] The level of the unevenness of a partition wall surface of the honeycomb structure 
was inspected by using the device 1 for inspecting unevenness of a partition wall surface 



of the honeycomb structure as shown in Fig. 1. In the present example, inspection was 
conducted on three honeycomb structures A, B, and C having different levels of 
unevenness of a partition wall surfaces of the targeted honeycomb structures 2. The 
honeycomb structures A, B, and C are in the cylindrical shape having a diameter of an 
5 end face of 105.7 mm and a length of 114.3 mm in the central axis direction. Figs. 7(a) 
to 7(c) are explanatory view showing an image picked up by the imaging means when the 
honeycomb structures A, B, and C were inspected by using the device 1 (see Fig. 1) for 
inspecting unevenness of a partition wall surface of a honeycomb structure. Figs. 7(a), 
7(b), and 7(c) are images of the honeycomb structures A, B, and C, respectively. The 

10 gray level of each of the images obtained was subjected to a binary treatment, and 

thereby the ratio of the area of the portion where the transmitted image was projected 
deeply to the whole area of the transmitted image in the image was calculated. Fig. 8(a) 
is an explanatory view showing the result of a binary treatment on the image shown in 
Fig. 7(a), Fig. 8(b) is an explanatory view showing the result of a binary treatment on the 

15 image shown in Fig. 7(b), Fig. 8(c) is an explanatory view showing the result of a binary 
treatment on the image shown in Fig. 7(c). Figs. 8(a) to 8(c) shows the portions where 
the transmitted image was projected deeply, that is, the portions having unevenness on a 
partition wall surface is shown by white. As the results of the inspection, the ratio of the 
area of the portion where the transmitted image was projected deeply to the area of the 

20 whole transmitted image were 0.1% in the honeycomb structure A, 2.7% in the 

honeycomb structure B, and 4.2% of the honeycomb structure C. Thus, by using the 
device 1 (see Fig. 1) for inspecting unevenness of a partition wall surface of the 
honeycomb structure of the present embodiment, the difference between the honeycomb 
structures A, B, and C could clearly be inspected. 

25 

Industrial Applicability 

[0058] Inspection on unevenness of a partition wall surface of a honeycomb structure, 
which serves as a yardstick of judging the quality of the honeycomb structure used as a 
filter, catalyst carrier, or the like, can be performed simply and nondestructively. 



